Acetabular dysplasia is characterized by insufficient coverage of the acetabulum (shallow and oblique acetabular weight bearing zone) to the femoral head and generally considered the most common cause of secondary osteoarthritis.[@B1][@B2] According to Hasegawa et al.,[@B3] osteoarthritis naturally develops in patients with untreated acetabular dysplasia. Although total hip arthroplasty is an effective method for the treatment of advanced osteoarthritis of the hip joint, there is still controversy because of concerns regarding the longevity of total hip arthroplasty in young and active patients.[@B1][@B4]

For this reason, several pelvic osteotomies such as Steel\'s triple osteotomy,[@B5] Eppright\'s dial osteotomy,[@B6] Wagner\'s spherical acetabular osteotomy,[@B7] Ninomiya and Tagawa\'s rotational acetabular osteotomy (RAO),[@B8] and Ganz\'s periacetabular osteotomy[@B9] have been utilized as joint preserving procedures to prevent the early onset of osteoarthritis by redistribution of the loads across the hip joint. These joint preserving surgeries are aimed at relieving pain, normalizing function, and improving the longevity of the native hip[@B10] and have been shown with satisfactory mid- and long-term results in patients with early-stage osteoarthritis secondary to dysplasia of the hip.[@B10][@B11][@B12][@B13] Although some authors reported successful results of RAO in more advanced osteoarthritis after mid-term follow-up, there is still controversy about the long-term effects of RAO in these patients.[@B12][@B14][@B15][@B16] The purpose of this study was to investigate the radiographic progression of osteoarthritic changes after RAO in patients with acetabular dysplasia according to the preoperative Tönnis grade and evaluate its effects after minimum 10-year follow-up.

METHODS
=======

Study Population
----------------

Between November 1984 and April 2005, we performed 71 consecutive RAO in 64 patients with symptomatic acetabular dysplasia. Of those, nine patients (nine hips) whose clinical and radiographic findings were not available, two patients (two hips) who died from causes unrelated to surgery, and 13 patients (14 hips) who were lost to follow up before the end of the minimum 10 years were excluded. After obtaining Institutional Review Board approval (IRB No. 2016-11-056), remaining 40 patients (46 hips) were retrospectively evaluated in this study. There were eight males and 38 females with a mean age of 39.0 years (range, 18 to 62 years) at the time of RAO. The average follow-up duration was 17.3 years (range, 10.0 to 27.7 years). The anteroposterior radiograph of the pelvis was used for the classification of preoperative osteoarthritis of the hip according to the criteria of Tönnis:[@B17] grade 0 indicates no sign of degenerative changes, although there is acetabular dysplasia of the hip (four hips); grade 1 indicates increased sclerosis of the femoral head and acetabulum, slight narrowing of the joint space, and slight lipping at the joint margin (30 hips); grade 2 indicates small cysts in the femoral head and acetabulum, moderate narrowing of joint space, and moderate loss of sphericity of the femoral head (12 hips); and grade 3 indicates large cysts with gross narrowing or obliteration of the joint space, and severe deformity of the femoral head (zero hip) ([Fig. 1](#F1){ref-type="fig"}). There were no significant differences in the patients\' age, sex, side of operation, weight, height, body mass index (BMI), or follow-up duration between grades although the mean age at the time of surgery was getting older as per preoperative Tönnis grade ([Table 1](#T1){ref-type="table"}).

Surgical Procedure
------------------

The indications for RAO were as follows: increasing hip pain, center-edge angle of Wiberg[@B18] less than 20°, and improved joint congruity of hips in abduction before surgery on anteroposterior radiographs. We performed a valgus femoral osteotomy in combination with RAO for better joint congruency in one hip. RAO was performed as described by Ninomiya and Tagawa.[@B8] An anterior curved incision was made from just below the iliac crest towards the distal aspect of the greater trochanter and the hip was exposed anteriorly and posteriorly. The osteotomy line was marked about 1.5 cm from the acetabular rim, and a straight osteotome was inserted into the bone to a depth of about 1.5 cm without penetrating the joint. Then a curved osteotome was used to complete the osteotomy through the inner wall of the ilium. After complete osteotomy was done, the acetabular fragment was rotated anterolaterally, and an autogenous bone graft from the iliac crest was placed in the gap. Finally, two or three Kirschner wires were inserted to fix the acetabular fragment and the grafted bone. These Kirschner wires were removed through a small skin incision after 6--8 weeks of the index surgery. Active range of motion exercises were permitted after 1 week after surgery. Gradual partial weight-bearing with two crutches was allowed at 2 weeks, and full weight-bearing was initiated 6 to 8 weeks after surgery when radiographic bony union was achieved.

Assessment
----------

All clinical and radiographic data were collected retrospectively from the patient records. The clinical assessment with the Harris hip score was performed before the index surgery and at each follow-up visit. The radiographic parameters that were analyzed were the center-edge angle of Wiberg,[@B18] the acetabular roof angle,[@B19] and the head lateralization index[@B20] based on the anteroposterior radiographs obtained preoperatively and 3 months postoperatively. All radiographic parameters were assessed by two orthopedic surgeons (BWM and KJL) and the mean values were calculated ([Fig. 2](#F2){ref-type="fig"}). Radiographic progression of osteoarthritis according to the Tönnis grade was compared in the most recent radiographs with radiographs taken 3 months after surgery. We also evaluated intra- and postoperative complications based on the patient records.

Statistical analysis was performed with SPSS ver. 12.0 (SPSS Inc., Chicago, IL, USA). The differences in continuous variables such as age, BMI, Harris hip score, and radiographic parameters between each grade were compared using the Wilcoxon signed-rank test and Kruskal-Wallis test. The linear by linear test was used for analyses of categorical data such as sex, side of operation, and progression of osteoarthritis according to the Tönnis grade. We also evaluated the differences between osteoarthritic progression patients and nonprogression patients by using independent *t*-test and chi-square test. The *p*-values of \< 0.05 were considered as significant. We performed Kaplan-Meier survivorship analysis for all hips with the progression of osteoarthritis as an endpoint.

RESULTS
=======

Overall Results
---------------

The average Harris hip score was improved from 71.8 (range, 58 to 89) preoperatively to 85.1 (range, 62 to 98) at the latest follow-up (*p* \< 0.001). The center-edge angle improved from an average of 9.4° (range, −20° to 20°) preoperatively to an average of 38.7° (range, 14° to 60°) postoperatively (*p* \< 0.001), and the mean acetabular roof angle improved from 29.5° (range, 20° to 56°) to 19.1° (range, 5° to 42°) (*p* \< 0.001). Although the mean head lateralization index also improved from 0.66 (range, 0.5 to 0.9) to 0.63 (range, 0.4 to 0.9), the statistical difference was not significant (*p* = 0.09) ([Fig. 3](#F3){ref-type="fig"}).

Based on the Tönnis grade, 14 hips had radiographic progression of osteoarthritis (zero in Tönnis grade 0, four in Tönnis grade 1, and 10 in Tönnis grade 2). The incidence of osteoarthritic progression was significantly different between grades (*p* \< 0.001). Although there were no differences between osteoarthritic progression patients and nonprogression patients in terms of sex, height, weight, BMI, and pre- and postoperative radiographic parameters, the mean age at the time of surgery was significantly older in osteoarthritic progression patients (46.8 years; range, 23 to 62 years in progression patients vs. 35.6 years; range, 18 to 56 years in nonprogression patients; *p* \< 0.002). At the final follow-up, eight hips (three in Tönnis grade 1 and five in Tönnis grade 2) were converted to total hip arthroplasty ([Fig. 4](#F4){ref-type="fig"}), and the mean duration from the index surgery to total hip arthroplasty was 9.7 years (range, 1.2 to 23.5 years).

Comparative Results According to the Tönnis Grade
-------------------------------------------------

The average Harris hip score was improved in all three groups: Tönnis grade 0, from 79.8 to 95.8 (*p* = 0.01); Tönnis grade 1, from 73.1 to 88.0 (*p* \< 0.001); and Tönnis grade 2, from 65.8 to 74.4 (*p* = 0.03). The improvement of radiographic parameters according to the Tönnis grade is presented in [Table 2](#T2){ref-type="table"}. The incidence of osteoarthritic progression was significantly different according to the preoperative Tönnis grade. There was no progression case in Tönnis grade 0, four cases (13.3%) in Tönnis grade 1, and ten cases (83.3%) in Tönnis grade 2 (*p* \< 0.001). The mean duration from the index surgery to osteoarthritic progression was 6.9 years (range, 1.3 to 10 years) in Tönnis grade 1 and 5.2 years (range, 1.2 to 9 years) in Tönnis grade 2 (*p* = 0.30).

Kaplan-Meier survivorship analysis, with radiographic progression of osteoarthritis as the endpoint, predicted a 10-year survival rate of 100 % in Tönnis grade 0, 85.7 % in Tönnis grade 1, and 14.3 % in Tönnis grade 2 ([Fig. 5](#F5){ref-type="fig"}).

Complications
-------------

There were two cases of medial joint perforation intraoperatively which all healed without any complications at the latest follow-up. There were no other intra- or postoperative complications, including infection, avascular necrosis of the rotated acetabulum, delayed union of the osteotomy site, or heterotopic ossification.

DISCUSSION
==========

In this study, we have shown that the clinical and radiographic parameters were improved after RAO in patients with acetabular dysplasia at the mean 17-year follow-up. Thirty-two out of 46 patients maintained their preoperative Tönnis grade after minimum 10-year follow-up and only eight patients received total hip arthroplasty at the final follow-up. However, the incidence of osteoarthritic progression and Kapan-Meier survivorship with radiographic progression of osteoarthritis as the endpoint were statistically different according to the preoperative Tönnis grade.

Acetabular dysplasia is a risk factor for hip osteoarthritis, and preservation of the native hip is important in these patients before the onset of moderate to severe arthrosis.[@B1][@B2][@B10][@B21] Several pelvic osteotomies such as RAO have been utilized as joint preserving procedures and generally have been associated with satisfactory intermediate and long-term results in patients with pre- and early-stage osteoarthritis.[@B2][@B12][@B14][@B22][@B23][@B24] Okano et al.[@B24] reported the outcomes of RAO in 49 hips with early osteoarthritis after the mean duration of 13-year follow-up. In their study, the stage of osteoarthritis was unchanged in 38 hips and had progressed in 11 hips (including two technical failures). More recently, Yasunaga et al.[@B23] also reported durable results of RAO for pre- and early osteoarthritis at 20 years. Among the 145 hips (27 hips with pre-osteoarthritis and 118 hips with early-stage osteoarthritis), radiographic progression of osteoarthritis occurred in 25 hips. Kaplan-Meier survivorship analysis, with radiographic signs of progression of osteoarthritis as an endpoint, predicted survival of 96% at 10 years and 20 years in the pre-osteoarthritis group and 89% at 10 years and 78% at 20 years in the early-stage group. In our study, Kaplan-Meier survivorship analysis, with radiographic progression of osteoarthritis as an endpoint, predicted a 10-year survival rate of 100% in Tönnis grade 0 and 85.7 % in Tönnis grade 1 at 10 years. This finding is similar to that of Yasunaga et al.[@B23]

In contrast with the pre- and early-stage osteoarthritis, there is still controversy about the effects of RAO in more advanced osteoarthritis secondary to acetabular dysplasia. Yasunaga et al.[@B25] reported the result of RAO for advanced osteoarthritis after a mean follow-up of 8.5 years. In their study, 10 out of 43 hips with preoperative advanced osteoarthritis had radiographic evidence of progression of osteoarthritis at final follow-up and the predicted 10-year survival rate was 72.22% at 10 years. Nozawa et al.[@B14] also reported the results in 50 hips at an average of 11 years after RAO. Among them, there were 11 hips with preoperative Tönnis grade 2 arthritis and only two had progression of arthritis at final follow-up. On the other hand, Kaneuji et al.[@B16] reported long-term outcome of RAO after a minimum of 20 years. In their report, the prevalence of osteoarthritic progression was 37% in advanced osteoarthritis and the hips with advanced osteoarthritis had a significantly higher rate of conversion to total hip arthroplasty than hips in the other stages did (4% with pre-osteoarthritis, 7% with initial osteoarthritis, and 34% with advanced osteoarthritis). In another study, Nozawa el al.[@B15] evaluated the outcome of RAO for 57 hips with advanced osteoarthritis at a mean of 148.6 months (range, 24 to 254 months). Although 50 of the 57 hips were still functioning at final follow-up, progression of osteoarthritis was detected in 26 hips. In our patients, 10 out of 12 hips with Tönnis grade 2 had progression of arthritic changes and five hips (41.7%) had conversion total hip arthroplasty at final follow-up.

Regarding the age at the time of surgery, Yamaguchi et al.[@B26] compared the results of eccentric RAO in patients younger and older than 50 years. In their study, the 15-year survivorship with a Harris hip score less than 80 points as the endpoint was similar in both groups (71% in older patients and 81% in younger patients). In another study, the improvement of clinical score and radiographic parameters after RAO in patients 46 years of age or older was comparable with that of younger patients, and the 10-year survival rate was not significantly different between two groups.[@B27] On the contrary, Tomioka et al.[@B28] reported the results of RAO in 65 hips with adulthood dysplasia after minimum 10 years of follow-up. Although, they reported no progression of osteoarthritis in 76.7% and no requirement of total hip arthroplasty in 92.3% of the patients, older patients had a higher risk for both osteoarthritic progression and requirement of total hip arthroplasty. In addition, Yasunaga et al.[@B29] performed a systemic review of RAO in 18 studies and concluded that clinical score and prevention of progression of radiographic osteoarthritis in patients 50 years or older or with advanced stage were worse than those in patients younger than 50 years or with early stage. In our study, the mean age at the time of surgery in patients with osteoarthritic progression was 46.8 years, whereas that of nonprogression patients was 35.6 years (*p* \< 0.002). Several authors suggested the indication for RAO in older patients should be restricted to those with early stage osteoarthritis,[@B27] with unilateral involvement,[@B26] or with postoperative good joint congruency expected.[@B27]

Limitations of our study include the retrospective study design, which may have introduced selection bias, the small number of patients, which made it difficult to determine prognostic or risk factors, and lack of preoperative or intraoperative evaluation of articular cartilage using magnetic resonance imaging or hip arthroscopy, which may have altered the outcomes of RAO. In addition, a major limitation of our study is the low follow-up rate. The follow-up rate after a least 10 years was 64.8% and this decreased rate may have masked the true incidence of osteoarthritic progression or total hip arthroplasty conversion. However, this was a consecutive series of acetabular dysplasia treated at the same institution using a consistent surgical procedure, and we could follow the patients for up to an average of 17.3 years.

In conclusion, the outcome of rotational acetabular osteotomy in most hips with Tönnis grade 0 and 1 was satisfactory after an average of 17 years of follow-up. The incidence of osteoarthritic progression was higher in Tönnis grade 2 and older age. Our results support that early joint preserving procedure is essential in the case of symptomatic dysplastic hips.
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![The flow diagram shows how the final study cohort was determined based on inclusion and exclusion criteria. RAO: rotational acetabular osteotomy, FU: follow-up.](cios-10-299-g001){#F1}

![Radiographic parameters for evaluation of the hip. A: Center-edge angle. B: Acetabular roof angle. The head lateralization index is calculated using the distance between the teardrop and the center of the femoral head (a) divided by the half value of the inter-teardrop distance (b).](cios-10-299-g002){#F2}

![Anteroposterior radiographs of the right hip joint in a 47-year-old male. (A) The preoperative radiograph shows mild acetabular dysplasia with no sign of degenerative change (Tönnis grade 0). (B) The postoperative radiograph shows improvement of acetabular coverage over the femoral head. Note that the osteotomized fragment and grafted bone were fixed with three Kirschner wires. (C) The Radiograph obtained 26 years after rotational acetabular osteotomy shows maintenance of good coverage and no progression of osteoarthritis.](cios-10-299-g003){#F3}

![Anteroposterior radiographs of the left hip joint in a 47-year-old female. (A) The preoperative radiograph shows moderate joint space narrowing with subchondral cyst in the femoral head (Tönnis grade 2). (B) The postoperative radiograph shows improvement of acetabular coverage over the femoral head. (C) The postoperative radiograph obtained 7 years after rotational acetabular osteotomy shows progression of osteoarthritis. (D) Total hip arthroplasty was performed 7.5 years after the index surgery due to progressive osteoarthritis.](cios-10-299-g004){#F4}

![The Kaplan-Meier survivorship analysis demonstrates the cumulative probability of osteoarthritic progression according to the Tönnis grade.](cios-10-299-g005){#F5}

###### Demographics of Patients Treated with Rotational Acetabular Osteotomy According to the Tönnis Grade of Preoperative Osteoarthritis

![](cios-10-299-i001)

  Demographics                Grade 0 (n = 4)     Grade 1 (n = 30)    Grade 2 (n = 12)    *p*-value
  --------------------------- ------------------- ------------------- ------------------- -----------
  Age (yr)                    30.5 (21--39)       38.8 (18--62)       42.4 (23--60)       0.20
  Sex (male:female)           1:3                 5:25                2:10                0.79
  Side of operation                                                                       0.61
   Right                      1                   16                  6                   
   Left                       3                   14                  6                   
  Weight (kg)                 59.5 (50--75)       58.8 (43--70)       59.1 (43--75)       0.86
  Height (cm)                 162.0 (155--170)    159.9 (150--176)    161.8 (150--170)    0.23
  Body mass index (kg/m^2^)   22.6 (19.5--26.0)   22.9 (19.1--25.8)   22.6 (20.2--25.8)   0.87
  Follow-up duration (yr)     15.3 (10.0--26.0)   17.6 (10.0--27.7)   17.9 (13.8--23.7)   0.09

Values are presented as mean (range).

###### Improvement of Radiographic Parameters after Rotational Acetabular Osteotomy According to the Tönnis Grade of Preoperative Osteoarthritis

![](cios-10-299-i002)

  Parameter                   Preoperative   Postoperative   *p*-value
  --------------------------- -------------- --------------- -----------
  Center-edge angle                                          
   Grade 0                    4.9 ± 6.8      35.3 ± 4.8      0.01
   Grade 1                    8.9 ± 9.9      37.4 ± 9.6      \< 0.001
   Grade 2                    12.2 ± 5.1     43.0 ± 12.3     \< 0.001
  Acetabular roof angle                                      
   Grade 0                    31.0 ± 2.7     18.7 ± 6.8      0.04
   Grade 1                    28.8 ± 5.5     18.1 ± 8.1      \< 0.001
   Grade 2                    30.7 ± 9.1     21.8 ± 9.8      0.01
  Head lateralization index                                  
   Grade 0                    0.68 ± 0.09    0.55 ± 0.13     0.14
   Grade 1                    0.67 ± 0.09    0.64 ± 0.12     0.12
   Grade 2                    0.67 ± 0.08    0.70 ± 0.09     0.31

Values are presented as mean ± standard deviation.
